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AERODT(aC PROPE"TI OF A CALIR 0.50 EUMLL.
W=TH m BOA1rAIL

ABSTTMCT

The aerodynaic characteristics of a caliber 0 -^ bullet with

reflex boattail and a modification of this design are presented and

discussed.
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IRO•iCTION

it is a coonly knoim fact that a projectile in supersonic flight

experiences a considerable increase in drag relative to its subeonic value.

In the past, many designs have been suggested and tested vith the comon

hope tbat this supersonic drag could be reduced. It van with this Idea

that Mr. K. W. HRorton of Watervliet Arsenal designed and tested* the bul-

let shown in Figure 1.

The projectile consists of a one-calibtz long cylindrical section

vith symmetric nose and tail sections. The nose, or tall, section is formed

of portions of tvo ogives. The forward part of the iNte 1.s --onamv and is

formed from the arc of a circle tangent to the axis at the tip of the nose.

A second come ogive, of different radius and centered on the pezilediculL.r

bisector of the model, completes the surface. This curve is tangent to the

forvard and rear sections and secant to the cylindrical section, fore and

aft.

Mr. Norton strongly felt that this design would reatly redtve the

drag of standard amuitione at supersonic velocities. The Ballistic Research

Laboratories vas asked by the Patent Section at the Springfield Arsenal for

an evaluation of Mr. Norton's claims.

Zinfe~ t!--! cifications of radii in Figure I did not give a smooth

jnctton of the two circles, the radius of the larger cLrcle vas sliptlj

altered for a proper tangency condition.

Models of the Norton projectile vere manufactured according to Figure 2A

and fired through the AeeOW-SAMICs lRne frau a 0.50 caliber ./3O twist.mm. --,,-

main objective of these firings was to determine whether or not the dr o,.

the Norton projectile was substantially lower than the drag of standard

inll arm em ition.

The tests ware of an indirect nature and did not involve masummnrt of
the drag or retardation. Basically, inferences vere dravn frm differences
in drop "f the new and the old bullets an measured at various ranges, at
best, a very delicate procedure.
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The results of these firings will be more fully discussed later in this

Daper, but in essence, they reveal that the drag of the Horton projectile is

,onsiderably higher than the drag of the more conventional projectiles fired

-it supersonic velocities (Fig. 6).

An cmarlxtion of the pnotographic plates, however, did reveal interest-

1ng after-body flow characteristics, i.e., very small wake diameter, (Fig. 3)

4hich warranted further investigation. As a result, a new projectile (Fig. 2B)

,iis nanufactured converting the nose to the prn -r L-cant ogive with a rounded

ip to Insure a minimn head drag for the Norton's head length*. The tail

section remained the sam except for the removal of about 3/8 inch from the

end since the flow separated at this point. For yur-,ose,, of tits pmer this

model will be referred to as "Modified N[orton". Some ptqsical propertleC

for both shell are tabulated in Table I.

The purpose of this program was tvofold: first, to study the drag Rs

compared to that of the more conventional sh-pes: and secondly, t• observe

the effects on the remaining aerodynamic coefficients due to the reflex boat-

tailing. A spark photograph of one of these rounds is saban in Figure 4.

Since the Norton rounda, being a part of a drag study, were fired

at essentially zero yaw, it was desirable to produce yaw on about half of

the Mod•fled Forto.- so that yav properties could be studied. Yaw was indu-

cad by attaching a hkf barr U 1/2 irn.h long to the end of the gun tube.

Then as the shell enrgd from the gun, the pressure differential about the

round mould cause the model to yaw initially. This method performed success-

fully giving from 2 to 5 degrees of yav. The results of both programs are

given in the reaining section of this report.

* The head length of the Modified Horton is too short in cepsrison
with som modern bullets. This., of course, is principally res'onaisuo
for its high drag.



RPEUTS

Drag

The drag force coefficient, KD, was obtained from both programs by

fitting a cubic equation to the time-distance data for each round. "D was

reduced to zero yaw by the relationship:

KI 0 + 8

where
KDO% zero yaw drag coefficient

K2 yaw drag coefficient

1-5 - man squared yaw.

A yav drag coeffictent, KD• 2 - 1.0 per radian squared, obtained at M 2.4

was used for all the roumds tested.

Figure 5 crpares the drag coefficients of the original and modified

Horton projectiles. Higher drag of the original arises largely as a result

of its peculiar head shape. In figure 6 these drag curves are further coa-

Pared, pri?.', " V the drag curves of other mal caliber, body-engmraed

projectiles. The drag of the Norton projectile is higher than any of the

other configurations even the square-based, short-ogive, cal. 0.60 T32. The

drag of the modified Horton is less than that of the Horton projectile and

the T32 but still greater than that of the bmattailed., long-ogive, cal.

0.50 M8. Most of the drag difference betveen the M8 and the modified Horton

is probably accoumted for by the short head length of the modified Horton."

Yav

Standard yaw redu tlns3 were performed by fitting an epicy.le curve

to the yawing histaries for those roumds for which there was sufficient yav

to produce reliable serodyntie coefficients. This procedure vas limited

mainly to the Modified Norton but included tvo of the Norton roumds. A

s mr of these various coefficients are given in Table 2.
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The overturning moment and the lift coefficients are given In Figure 7,

along with the center of pressure from the nose.

The y-v damping and Magnus torque, ir, coefficients

are given in Figure 8. The Magnus torque is rather unusual, by becoming

large positive so early in the supersonic regime. The transition from nega-

tive to positive values, for boattailed projectiles, usually occurs at tran-

conic speeds. Hovever, such early change of sign of K, may be due to an

exceptionally steep boeatail angle of the order of 1i not usually encounte.r-

el in more conventional designs. Such behavior of the Magnus torque is

reflected in the yew damping rates shown in Figure 9. Large positive Magnus

torque adversely affects the damping of the precessional u.e. Large naga-

tive Magnus torque of the original Norton design adversely affects its

nutational mode. Both of these effects .:e shown by the yaw damping rates

in Figure 9. Such dynamic instability is usually of a character which cannot

be eliminated by a resort to higber axial spins or steeper twist of rifling.

Both nr Jectiles gyroscopically are amply stable in a twist of 1: 30.

CONCLUSIONS

The proposed design is unsatisfactory. It has considerebly higher drag

than more conventional small arms bullets. Also• at certain velocities, it

ap r to be dynamically unstable at small yaws. The modified design suf-

fers, esg='a7, P ". qa the same ills. Although its head drag is considerably

lover than that of the original desto, its drag is still considerably higher

than that of longer bullete in current use. It also suffers from the same

type of dynamic instability probably in virtue of its relatively steep and

long boattail.

8A PIDI•P IN



1. Hitchcock, H. P. Aerodynamic Data for SpiLaing Projectiles, BRL

Report 62o (1947).

2. Dickinson, Elizabeth R. Design Data for a Series of HE P.ojectile-Shapes

at Mach Number 3.0 BRIM 920 (1955).

3. Puphy, C. H. Data Reduction for the Free- Flight Spark Ranges, EL

Report 900 (1954).

9



TABLES AND FTWRS

Table I - Average physical constants

Table II - Sunuary of various Aerodynamic Coefficients

Figure 1 - Draving - Horton's design

Figure 2 - Drawing - Horton and Modified Horton

Figure 3 - Photograph - Horton
",7tgure 4 - Photograph - Modified Horton

Figure 5 - YCD versus Mach iumber

Figure 6 - Drag comparison of various small armB bullet., vý.,sus
Mach number

Figure 7 - KMV K9Aj, and CP? versus Machi number

F'iu,8VA and KTversus 1ý--ch aiumber

Figure 9 - I and X 2 vars-is k.,ch 'iaei•
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TABLE I

Average Physieal Constants

Weight Center of Oravity MYofts of Inertia
Grams Calibers from Nose Axial gm-in Transverse go-in

-orton 31.182 2.2T6 .. 5 4.594

Modified
Horton 33.805 1.692 .893 5.798

I
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TABLE, II

Summary of Various Aerodynamic Coefficients

Modified Horton

Do•,i M K % KM •x103 yx103 -K Km KT. N C?,

per foot (cal from
nose)

'4i96 1.4o00 .2o2 8.44 .836 5.60 -3.82 .12 .24 .74 .9* 1.16

4595 1.923 .16o 1.30 .819 4.76 .31 1.26 .o4 .81 .97 1.21

4591 2.130 .155 .36

4599 2.285 .151 25.47 .748 2.66 2.23 1.15 -. 03 .88 1.03 1.32

4601 2.408 .142 12.58 .752 2.13 2.55 1.10 -. 05 .89 1.03 1.32

4589 2.470 .134 1.21 .767

4602 2.538 .i34 8.20 .732 2.02 ?.41 1.03 -. 04 .86 .99 1.31

4600 2.549 .140 21.49 .729 2.o40 2..8 1.16 -. o4 .90 1.0o4 1.35

4597 2.968 .1-19 1.03

14590 3.150 .113 4.66 .700 2.89 1.37 .97 .01 .87 .98 1.34

Horton

4;- 1.S'14 .27 .30

4;89 1.908 .202 .15

4388 2.080 .192 .80

4387 2.145 .188 2.30

4379 2.1436 .173 .30

431 2.574 .167 .23

4384 3.006 .146 2.46 .2 -i.36 5." .77 -. 18 .76 .91

4383 3.214 .133 .70

4382 3.312 .152 15.48 .65 -.31 4.42 .68 -. 12 .88 1.03

12
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HORTON PROJECTILE
4.5 54 '

2.2927

&000 3.4833

(A)

'2.6250 -

MODIFIED HORTON PROJECTILE

.7324

(6) 'C'
" .9478 "

4.4738

NOTE: AI DImemiosm are In C(hbwu

FIG. 2
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DRAG COMPARISON OF VARIOUS
SMALL ARMS BULLETS

vs
MACH NUMBER

D 
A--

2C' . 3.5

LENGTH*

TYPE *,JTX~ cUAV

B L E, ". PI

I- -

HORTON 3.74 4.566 2.72 77

----

ULLET, SALL
%L.O.6OT32 4.55 1.64 0

I -- I-- I---J
*ALL D9MENSXNS ARE IN CALIBERS

Fla 6
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